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Abstract 
This paper presents the result of a numerical simulation of the stack pressure in high and medium rise 
buildings under cold weather condition. The result shows that there is a movement of air from the 
bottom to the top of the building and escapes at the top either through open windows, ventilation 
openings, or other forms of leakage. The rising warm air reduces the pressure in the base of the 
building, drawing cold air in through either open doors, windows, or other openings and leakage. This
stack effect occurs mainly in the core of the building such as stairway and elevator shaft and causes 
problems with energy loss caused by the airflow, the blocked elevator doors and discomfort due to 
inflowing of strong outdoor air. The simulation has been carried out for the high rise building in cold 
climate of Korea, considering three levels of air-tightness of the exterior wall of the building (tight, 
average and loose), and found to be the major reason of the airflow movement in the building. The 
effect of the wind speed velocity and direction on the movement of the airflow in the building has been 
also investigated under extreme cold condition for middle rise building located in China (7 floors) and 
the result shows that at high wind speed velocity th is effect is very significant.
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1. Introduction
Stack effect is the movement of air into and out of buildings, and is driven by buoyancy. Buoyancy 
occurs due to a difference in indoor-to-outdoor air density resulting from temperature and moisture 
differences. The result is either a positive or negative buoyancy force. The greater thermal difference and 
the height of the structure, is the greater the buoyancy force, and thus the stack effect [1]. For example 
when it is cold outside, air tends to move upward within building shafts (e.g. stairwell, elevator shaft, 
dumb water shafts, mechanical shafts, mail chutes). This normal stack effect occurs because the air in the 
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building is warmer and less dense than the outside air. So when outside air is warmer than the building 
air, there is a natural tendency for downward air flow, or reverse stack effect, in shaft [2].The stack effect 
causes many problems which are: the energy loss caused by airflow; the sticky elevator door; the 
difficulty of opening the doors of room around the core; and loud noise [3]. The wind also may have a 
pronounced effect on the stack pressure and the movement of the air along the shafts of the building. 
Indeed, in windy cold climate the wind speed velocity may affect seriously the pressure difference [4]. 
    The stack effect can create significant pressure differences that must be given design consideration and 
may need to be addressed with mechanical ventilation. Stairwells, shafts, elevators, and the like, tend to 
contribute to the stack effect, whereas interior partitions, floors, and fire separations can mitigate it. 
Especially in case of fire, the stack effect needs to be controlled to prevent the spread of smoke. Several 
parameters including the shape of the envelope, the internal partition and the air leakage of the envelop 
vary strongly from one building to another which led to carry out the study of the stack effect case by 
case. However, the plan to solve the problem should be made on the schematic design stage [1].     
Several works on stack effect and related problems caused by the pressure difference in building have 
been studied extensively by numerous researchers [5-12]. 
    In the  present paper the effect of the air-tightness of the building envelope has been investigated 
considering high rise building located in Korea under cold condition and the effect of the wind speed 
velocity and direction on the movement of the airflow in the building under extreme cold condition for 
middle rise building located in China. The high rise building contains 30 floors above the ground level 
and 5 basement floors (B5F+30F+Roof).Whereas the medium-rise building contains seven floors in 
Harbin, a typical city in the severe cold region of China. Using a software COMIS, the simulation has 
been carried out for the entire buildings. The effect of the air-tightness of the exterior wall of the high rise 
building on the infiltration has been investigated and the airflow patterns and the amount of infiltration at 
each level of the building and the elevator shafts have been determined. The effect of the wind speed and 
its direction has been also studied considering the medium rise building.  
2. Buildings description and climate conditions 
2.1. High rise building 
 
    The selected tall residential building was built recently. This building, which is situated in Seoul 
(latitude= 37.1 N, longitude= 126.6 E), contains 30 floors above the ground level and 5 floors in the 
basement and a roof. Fig. 1 shows the layout of the building model. The floor area is 900 m2. The three 
levels B5F, B4F and B3F are intended for car parking. B2F and B1F are the commercial zones. From 2F 
to 30F, each story contains 4 apartments with the central core serving as a corridor. Four different 
elevators, namely, a shuttle elevator, shown by EV.3, serves the basement floors and the first floor; two 
elevators, shown by EV.5 and EV.6, serve 30 floors from 1F to 30F; and the emergency elevator (EV.2) 
serves the entire building. The access to the roof is through the stairway which serves the entire building 
as well. The car parking floors (B5F~B3F) are not heated. The temperature of the commercial zones is 
18°C. The lobby and the apartments are assumed to be at a constant temperature of 22°C. The stairway 
and shafts temperatures are uniform at 18°C. The mean outside temperature during the winter period in 
Seoul is -11.9°C. 
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Fig. 1. Layout of the high rise building model 
2.2. Medium rise building 
    The building is an air-tight medium high-rise residential of seven floors. It consists of three sections, 
and only the middle section was chosen for study (see Fig. 2). The chosen section consists of two 50 m2 
apartment per floor and one 12 m2 internal stairwell, and all the floors have identical floor plans. The 
mean outdoor temperature of -24.9 °C is considered. The apartment temperature was assumed to be 
uniform at 20 °C. Fig. 3 shows the apartment layout per floor. The effective leakage area of the interior 
doors between apartments and stairwell, the exterior door of the stairwell and the windows between the 
stairwell and outside are 0.00445 kg/s at 1 Pa. 0.01 kg/s at 1 Pa and 0.01192 kg s at 1 Pa, respectively. 
3. Simulation procedure 
    In the present study the simulations have been carried out using the multizone model COMIS. This 
software allows solving the non-linear system of equations representing the airflow distribution in 
multizone buildings [13]. In COMIS, the building is modelled as a system of interconnected zones, each 
at a constant temperature and contaminant concentration. Some relevant parameters such as airflow paths 
between zones and outdoor weather must be specified in the input file. Multizone buildings can be single 
room structure, single family houses or large building complexes. 
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Fig. 2. Front façade of the medium rise building model 
 
 
 
Fig. 3. Apartment layout per floor 
 
3.1. Simulation of the high rise building 
    The simulation of the model with 30 stories has been carried out considering three levels of air-
tightness of the exterior wall of the building. The amount of the leakage was uniformly distributed over 
the entire exterior wall. The leakage of each wall was assumed to be concentrated at two heights: half of 
the leakage occurs at 0.25 of the wall height above the floor level and the other half at 0.75 of the wall 
height above the floor. During the simulation all the doors were assumed to be closed. The cracks of all 
the doors were concentrated at the bottom and the top of each door. The equivalent areas are assumed as 
0.036 m2, 0.2 m2, 0.015 m2 and 0.02 m2 for the main entrances (lobby side and commercial zone side) in 
the first floor, elevator door, door between the machine room in the roof and outside and other doors, 
respectively. Three levels of air-tightness of the exterior wall have been considered: 0.5 cm2/m2 (tight), 1 
cm2/m2 (average), and 2 cm2/m2 (loose). The simulation has been carried out considering only the effect 
of the temperature difference between inside and outside the building assuming the wind velocity to be 
zero. 
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3.2.  Simulation of the medium rise building 
    The building has been simulated considering two levels of airtightness. The wind speed velocity and its 
direction have been also considered in the simulation process. 
 
4. Simulation results 
4.1. High rise building 
    The airflow patterns through the elevator shafts are shown in Fig. 4 with average airtightness of the 
exterior wall. We should mention here that a merged model which consists on gathering few stories into 
one in order to reduce the huge number of zone to carry out the simulation has been built and already 
validated [1-3]. There is a general upward movement of air inside the building, with air flowing into 
vertical shafts from the lower floors and out to the upper ones. This general pattern causes a variation in 
the heating and humidification load from floor to floor, and therefore has implications for the 
maintenance of uniform temperatures and humidities through the building. It is also a factor in the spread 
of odors and other contaminants.  
 
    Figs 5-8 show the airflow patterns at 1st, 2nd, 16th and 30th floors respectively. These figures illustrate 
the patterns of the air both by infiltration and exfiltration. It can be seen that from the first floor to the 
fifteenth floor the air enters the apartments through their exterior wall and reach the core space, while, 
from the fifteenth floor the air escapes from the FRUHVSDFHWRWKHH[WHULRUWKURXJKWKHDSDUWPHQWV¶ZDOOV
Therefore, it can be seen that the neutral pressure plane is situated around the mid-height (16th floor) of 
the building. Three levels of exterior wall air-tightness of the building have been considered: 0.5 cm2/m2 
(tight), 1 cm2/m2 (average) and 2 cm2/m2 (loose).  
 
    Figs 9 and 10 show the airflow patterns through the elevator shafts with tight and loose exterior wall 
air-tightness, respectively. It is obvious that the total air by infiltration/exfiltration increases for the loose 
configuration. Moreover, a huge amount of airflow penetrates the shuttle and emergency elevator shafts 
from the basements. Therefore, very tight doors should be set in these zones to avoid such huge 
infiltration.  
 
4.2. Medium rise building 
 
    The flow pattern and the airflow rates for the medium rise building are shown in Fig. 11. Fig. 11 (a-e) 
and f are obtained with the air-tightness of 1.5 and 2.5cm2/m2, respectively with uniform heating of the 
stairwell for different values of the wind speed velocity. We should mention that the airflow pattern and 
the airflow rates for apartments on the same floor are identical. The outdoor cold air tends to enter the 
heated apartments from the lower floors, goes to the stairwell through the doors and then moves up. 
Indoor air tends to exit the building from the upper floors. 
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Fig.  4. Air flow patterns through the elevator shafts. 
B5F+30F+Roof gathered model with average exterior wall air-tightness 
 
 
 
 
Fig 5. Airflow at the first floor.  
Average air-tightness of the exterior walls  
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Fig. 6. Air flow at the second floor. 
Average air-tightness of the exterior walls 
 
 
 
Fig. 7. Airflow at the 16th  floor. 
Average air-tightness of the exterior walls 
 
 
 
Fig. 8. Air flow at the 30th  floor. 
Average air-tightness of the exterior walls 
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Fig. 9. Air flow patterns through the elevator shafts. 
B5F+30F+Roof gathered model with tight exterior wall air-tightness 
 
 
 
 
 
Fig. 10. Air flow patterns through the elevator shafts. 
B5F+30F+Roof gathered model with loose exterior wall air-tightness 
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 (a) V= 0, D$¶=1.5 cm2/m2                                               (b) V= 2m/s (North) , D$¶ FP2/m2          
        
(c) V= 2m/s (South), D$¶ FP2/m2                        (d) V= 10m/s (North), D$¶ FP2/m2 
 
               
(e) V= 10m/s (south), D$¶ .5 cm2/m2                (f) V= 2m/s (North), D$¶ FP2/m2   
Fig. 11. Air flow pattern and air flow rates [m3/h] with uniform stairwell heating. Tstair Û& 
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5. Conclusion 
The conclusions of this study are as follows: 
x There is a general upward movement of air inside the building with air flowing into vertical 
shafts from the lower floors and out to the upper ones. 
x The total air by infiltration and/or exfiltration within the elevator shafts increases with the 
decrease of the level of the air-tightness of the exterior wall of the building. 
x As soon as there is substantial leakage, the infiltration airflow "shortcuts" the stack and therefore 
decreases the pressure differential between indoor and outdoor. 
x The air pressure in the lobby is strongly affected by the air-tightness of the exterior wall. 
x The required air total change cannot be provided by only infiltration particularly for such air-
tight residential building in windy cold climate. Therefore, mechanical ventilation is required to 
compensate for the lack of it. 
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